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Abstract: The molecular allergy technique, currently defined as component-resolved diagnosis, 
significantly improved the diagnosis of allergy, allowing for differentiation between molecules 
actually responsible for clinical symptoms (genuine sensitizers) and those simply cross-reacting 
or shared by several sources (panallergens), thus influencing the appropriate management of a 
patient's allergy This also concerns allergen immunotherapy (AIT), which may be prescribed 
more precisely based on the component-resolved diagnosis results. However, the advance in 
diagnosis needs to be mirrored in AIT. According to consensus documents and to expectations 
of specialists, therapy should be based on standardized extracts containing measured amounts 
of the clinically relevant molecules, ie, the major allergens. The new generation of extracts for 
sublingual immunotherapy fulfills these requirements and are thus defined as biomolecular (BM). 
BM refers to natural extracts with a defined content of major allergens in micrograms. All Staloral 
BM products are indicated for the treatment of allergic rhinitis with or without asthma. The effec- 
tiveness of AIT is related to its ability to modify the immunological response of allergic subjects. 
The 5-grass and house dust mite extracts were evaluated addressing the T helper 1, T helper 2, 
and T helper 3 cells by polymerase chain reaction array on mRNA extracted from Waldeyer's 
ring tissue (adenoids). Sublingual immunotherapy with a defined content of major allergens in 
micrograms induced a strong downregulation of genes involved in T helper 2 and T helper 1 
activation and function, allowing the definition of the immunologic effect as "bio-homeostatic". 
This clinical and immunological model must be implemented with respect to other allergens, thus 
expanding the application of a treatment with a unique disease-modifying capacity. 
Keywords: allergen immunotherapy, allergy, component resolved diagnosis, major allergens, 
allergen molecules 

Introduction 

The birth of molecular allergology was a major advance in the diagnosis of hypersen- 
sitivity diseases. In fact, the technique of component resolved diagnosis, measuring 
the specific IgE antibodies to individual allergen molecules (natural or recombinant), 
rather than to the entire sources containing them, provides more precise data for the 
diagnosis.^ In particular, separating the molecules actually responsible for clinical 
symptoms (genuine sensitizers) from those simply cross-reacting or shared by several 
sources (panallergens) allovv^s for the identification of causative allergens in polysen- 
sitized patients and, hence, appropriate management of the patient's allergy.^ This 
is true for food allergy^ and is of paramount importance vv^ith respect to respiratory 
allergy. Actually, more refined and precise pollen maps wqyq recently obtained by 
using molecular techniques in place of the common measurement of pollen grains."^ 
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As far as the prescription of allergen immunotherapy 
(AIT) is concerned, Sastre et al demonstrated that the use 
of molecular diagnosis substantially changed the previous 
decision, which was based on conventional diagnosis.^ This 
observation was confirmed also in children with pollen 
allergy.^ However, the concern is the choice of the allergen 
source to be used (birch pollen, grass pollen, olive pollen, 
etc) but not the molecular composition of the extract. In fact, 
the possibility of performing a tailored AIT, that is, based on 
products containing a composition of recombinant allergens 
reproducing the patient's individual sensitization profile, 
has long been envisioned.^ However, considering the large 
number of different sensitization profiles, the commercial 
availability of these products is unlikely, due to the high cost 
required to register each product. Notably, a controlled trial 
on patients with rhinoconjunctivitis induced by birch pollen 
showed that the clinical efficacy of two preparations contain- 
ing the recombinant or natural major allergen Bet v 1 from 
birch pollen was similar to that of a high-quality, licensed 
birch pollen extract.^ Indeed, this shows a noninferiority of 
the molecular preparations versus high-quality conventional 
extracts, and makes apparent that when the diagnosis is sound 
and the AIT product fulfills the quality standards, the results 
are clinically comparable to molecular preparations. 

The importance of titrating the major allergen content in 
micrograms (|lg) was recently supported by the opinions of 
allergy specialists. In a recent survey, specialists evaluated 
the importance of the different issues with respect to AIT, 
ranking high the documentation of the content of the major 
allergens in |ig, along with the level of evidence-based vali- 
dation of efficacy and safety, and the standardization of the 
products.^ Actually, consensus documents on AIT view the 
documentation on the content of major allergens in jig as a 
need to be met by producers. ^^'^^ This is also a requirement by 
the European Medicine Agency guidelines for the production 
and quality of AIT preparations.^^ 

Here, we review the background and the characteristics 
of Staloral biomolecular (BM) products for AIT, based on 
defined contents in jig of major allergens. 

Production technology 

Each allergen source contains a large number of components, 
some of them eliciting a specific IgE response. The frequency 
of IgE binding in a population of patients allergic to a given 
source, higher or lower than 50%, defines major allergens 
and minor allergens, respectively.^^ For decades, allergen 
extracts for AIT were measured by their protein content, the 
protein nitrogen unit being the most used quantification unit; 



but, in the 1980s, the development of international standards 
redefined biological potency units. Among these units, the 
histamine equivalent in prick testing, the biological units, and 
the bioequivalent allergen units were the most used. Table 1 
shows the characteristics of such units. In 2008, the CREATE 
(Certified REference Materials for Allergenic Products and 
Validation of MeThods for their Quantification) project, 
involving research laboratories, allergen manufacturers, 
clinical researchers, and biotech companies from European 
Union member states, was launched with the aim to develop 
certified reference materials for allergen extracts and to vali- 
date the enzyme-linked immunosorbent assays (ELISA) for 
the measurement of major allergens. 

The measurement in |ig of the content in major allergens 
of allergenic products is currently considered mandatory in 
the certification of their quality. ^^'^^ Every manufacturer of 
allergen extracts has its in-house reference standard measuring 
the allergenic potency. For extracts fi^om Stallergenes (Antony, 
France), the potency is measured by the index of reactivity (IR) 
per milliliter, with 100 IR/mL corresponding to the allergenic 
potency of an extract eliciting a mean wheal diameter of 7 mm 
by skin prick tests performed in patients allergic to the specific 
allergen source. The product StaloralSOO, obtained from the 
same source material used for BM products but titrated only 
in IR, was demonstrated to be efficacious by 20 double-blind, 
placebo-controlled trials on patients allergic to pollens and 
dust mites. The quantification of allergens is generally made 
by antibody-based techniques such as radioimmunoassay, 
ELISA, radial immunodiffusion, and rocket Immunoelec- 
trophoresis (RIE), but due to the variations of measurement 
depending on the technique used, the modern approach used 
in production to quantify the relevant allergens is also based 
on mass spectrometry (MS).^^ MS is an analytical technique 

Table I Biological potency units for allergen extracts 



Type of biological Characteristics 
potency units 



HEP 


10 HEP corresponds to the allergen 




concentration that elicits the same wheal 




size in skin prick testing as the histamine 




dihydrochloride control at 10 mg/mL 


BU 


10,000 BU/mL is equivalent to 10 HEP. 


BAU 


Based on the intradermal dilution for 50 mm 




sum (Djq) of erythema diameters from skin 




test. A of 1 4 is arbitrarily assigned 




100,000 BAU/mL The allergenic potency of 




an unknown extract can be calculated by the 




formula BAU/mL =100,000x3(^5° '^). 



Abbreviations: BAU, bioequivalent allergen unit; BU, biological unit; HEP, histamine 
equivalent in prick testing. 
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that produces spectra of the masses of the atoms or molecules 
comprising a sample of material, which was applied since 
2002 in the study of allergens.^^ The use of these techniques, 
ie, the quantification in jig with the respective measurement 
in 100 IR, led to the documentation of the correspondence 
between IR and [ig for the different allergens (Table 2). The 
use of MS has overcome the limitation of antibody-based 
immunoassays, which, because of the variability of the natural 
allergen structure, often resulted in excess of specificity and, 
consequently, in an underestimated allergen concentration. 
Instead, MS is able to detect the peptides that are conserved 
in all the different isoforms, allowing the proper quantifica- 
tion of allergens naturally occurring in different isoforms, 
such as the group 1 allergens from grass pollen or Der p 2 
fi'om Dermatophagoides pteronyssinus}^ Another prerequisite 
for quality is the stability of the product, which is essential 
in maintaining allergenic potency High temperature is the 
most critical factor affecting stability. The Staloral extracts 
for AIT from Stallergenes were tested for temperature during 
transport in the warm season, as occurs when the product 
is sent from the manufacturer to a patient's house, using a 
thermal-insulating packaging. ELISA-inhibition tests of 
extracts subjected to temperatures up to 45 °C showed that 
an immunologic activity higher than 75% of that measured 
in the production phase was detectable, with no significant 
difference with extract maintained for the same time at the 
controlled temperature of 5°C}^ 

Grass pollen 

In the long history of AIT, grass pollen is a protagonist. In 
fact, the first study introducing this treatment concerned 
grass-pollen allergy and the same model was the object of the 

Table 2 Major allergens content in most-used allergen extracts 
for AIT 



Allergen source 


Major allergen 


Quantification 






in micrograms 






corresponding 






to 100 IR 


Grass pollen 


Group 5 allergens 


7 


Birch pollen 


Betv 1 


50 


Olive pollen 


Olee 1 


10 


Cypress pollen 


Jun a 1 


100 


Ragweed pollen 


Amb a 1 


100 


Dermatophagoides 


Der p 1 


20 


pteronyssinus 


Der p 2 


4 


Dermatophagoides farinae 


Derf 1 


50 


Cat epithelium 


Fel d 1 


80 


Dog epithelium 


Canf 1 


20 


Alternaria 


Alt a 1 


6 


Abbreviations: AIT, allergen immunotherapy; IR, index of reactivity. 



first controlled trial published 40 years later.^^ In the 1 990s, 
sublingual immunotherapy (SLIT) was added to the classical 
form of subcutaneous immunotherapy (SCIT), mainly for 
safety reasons, and currently is generally accepted as a valid 
option.^"^ The large number of trials of AIT with grass-pollen 
extracts allowed the performance of a meta-analysis on the 
efficacy of this treatment, including 36 placebo-controlled 
trials with SCIT or SLIT on patients with grass-pollen- 
induced allergic rhinitis.^^ The authors found that SCIT was 
more effective than SLIT in reducing allergic symptoms and 
drug consumption, but it must be noted that the differences 
in administered doses were much more marked with SLIT 
than with SCIT The dose-dependency of efficacy of AIT is 
indisputable.^^ An analysis of SLIT trials revealed that effi- 
cacy was much higher in studies based on the administration 
of high doses rather than in those with low doses.^^ 

In particular, the position paper on SLIT by the World 
Allergy Organization stated "a dose dependency of the 
efficacy of SLIT was observed, and the optimal monthly 





Group 1 molecules 



Group 1 molecules 
are quantified by 
mass spectrometry 



Other molecules 



They are contained 
as demonstrated 
by immunoenzymatic 
techniques 



Phlp5 



Phi p 5 is quantified 
by mass spectrometry 



Figure I The molecular profile of Staloral biomolecular grasses. 
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maintenance dose for grasses was identified as about 600 meg 
of the major allergen". This requirement is fulfilled by 
modern products for SLIT, such as Staloral BM grasses,^^ but 
not by many pollen extracts commercially available. All the 
clinical relevant allergens are contained in the natural extract 
product, as assessed by immunoenzymatic techniques and 
MS, but only the major allergen Phi p 5 is measured in |ig. 
Recently, the group 1 grass molecules were also quantified 
in |ig by using MS (Figure 1).^^ 

Another important aspect of AIT is the schedule of admin- 
istration: Staloral BM grasses are indicated for a precoseasonal 
schedule, based on a start of treatment before the pollination 
period of grasses, to be continued during the pollen season, 
and to be completed at the end of grass-pollen season. As for 
AIT with inhalant allergens in general, ^^'^^ the treatment must 
be performed for 3 consecutive years to ensure the so-called 
carry-over effect; that is, the persistence over time of the clini- 
cal benefit following the discontinuation of treatment.^^ 

The indications of recommended doses expressed in |ig 
of major allergens, as done for grass pollen, for products 



containing other clinically important allergens will further 
support the confidence in SLIT efficacy and safety. 

Immunological effects 

The mechanisms of action of AIT include early desensitiza- 
tion effects that correspond to the efficacy on symptoms after 
a few weeks of treatment, as well as effects in later stages, 
such as: the modulation of T- and B-cell responses and related 
antibody isotypes from the T helper 2 (Th2) pattern typical of 
allergic subjects to a T helper 1 (Thl) pattern; and the genera- 
tion of T regulatory cells that play a key role in regulating 
the immunologic processes, leading to peripheral tolerance 
to allergens and the inhibition of migration of eosinophils, 
basophils, and mast cells to tissues, as well as the release of 
their mediators.^ ^ 

There is a substantial similarity in the immunologic 
effects of SCIT and SLIT, with a pivotal role in the latter 
for dendritic cells of the oral mucosa.^ ^"^^ A recent study 
highlighted the active participation in the immunologic 
response of the Waldeyer's ring (which is the arrangement 




Desensitization by SLIT 



The Waldeyer's ring 

(adenoids, palatine tonsils, tubal tonsils, 
.j^', lingual..tonsils). 



The oral mucosa 




The major allergen contained in the SLIT product is 
captured by dendritic cell. SLIT with a defined content 
in micrograms of major allergen is able to 
down-regulate the expression of IL-4 gene 
in Th2 lymphocytes (specific anti-lgE like effect). 




The major allergen contained in the SLIT 

product is captured by dendritic cell. 
For this reason it is necessary to determine 
if major allergen is present and in which amount 
in the product. 



Figure 2 From allergen sources to allergen molecules: the molecular journey. 

Abbreviations: SLIT, sublingual Immunotherapy; ThO, T helper 0; Thl, T helper I; Th2, T helper 2; Ig, Immunoglobulin; IL, Interleukin; IFN, Interferon. 
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of lymphoid tissue in the pharynx, including adenoids, tubal 
tonsils, palatine tonsils, and lingual tonsils)^"^ to the allergens 
(grass pollen or dust mites) administered by SLIT extracts 
with a defined content in |ig of major allergens. The evalu- 
ation addressed the Thl, Th2, and Th3 cells by performing 
a polymerase chain reaction array on mRNA extracted from 
adenoid samples in nonallergic children and in SLIT-treated 
allergic children. In the former, a typical Thl pattern was 
found. SLIT induced a strong downregulation of genes 
involved in Th2 and Thl activation and function. In particu- 
lar, in SLIT-treated allergic children, IL-4, CCR2, CCR3, 
and PTGDR2 (Th2 related genes) and CD28, IL-2, and 
INHA (Thl related genes) expression was decreased. This 
downregulation effect acting on immunologic homeostasis 
could be defined as "bio-homeostatic" and is considered 
to represent, based on the localization of Waldeyer's ring, 
an immunological response typical of SLIT, with a defined 
content in |ig of major allergens (Figure 2), and not shared 
by other routes of administration of AIT. Such ex vivo 
demonstration of the dose dependence of the immunologic 
response to SLIT confirms previous in vitro studies showing 
that internalization of pollen allergens by dendritic cells was 
related to the administered dose.^^ 

Future developments 

The improvement of the quality of products for AIT has the 
potential to increase the credibility of this treatment that, 
despite its long history, is often underestimated by the 
medical community. The quantification of major allergens 
is a powerful tool in achieving a grade of standardization 
that will enable AIT products to be comparable to drugs,^^ 
thus accomplishing the objectives indicated by the European 
Academy of Allergy and Clinical Immunology that consist 
of improving the allergic patient's quality of life, reducing 
the long-term costs and burden of allergies, and changing the 
course of the disease. Until now, AIT did not receive ade- 
quate attention from European institutions, including research 
funding bodies. The general population remained unaware of 
the potential benefits of AIT, such as the long-lasting effects 
following its discontinuation. Undoubtedly, the confusion 
caused by the availability of a large array of products with 
very dissimilar quality has negatively influenced the opinion 
of physicians and patients on this treatment. The innovation 
provided by the introduction of high-quality, standardized 
products with a defined content of major allergens in |ig has 
the potential to reverse the trend of a marginal clinical use 
of AIT.^^ However, the process needs to be wisely managed 
and is strictly dependent upon the certain identification in 



each patient of the causative allergen by reliable diagnostic 
procedures, and upon the presence of the causal allergen 
molecule(s) and its quantification in AIT products. 

Conclusion 

The introduction of allergen extracts containing known 
quantities of major allergens is a major step toward a quali- 
tative improvement of AIT that may match the diagnostic 
advance achieved by molecular-based diagnosis. In fact, 
supporting the improved diagnostic approach by an equal 
molecule-driven development of products designed for AIT, 
in terms of the identity of the allergen molecules detected 
as responsible for symptoms and their appropriate quantity, 
will enable stimulation of a virtuous course for patients with 
respiratory allergy, including those with a polysensitization 
apparently preventing AIT use.'^^ This may result in expand- 
ing the application of a treatment with a unique capacity to 
modify the natural history of allergy. 
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